Using LaAlO 3 -SrTiO 3 bilayers, we have fabricated field-effect devices that utilize the two-dimensional electron liquid generated at the bilayers' n-type interfaces as drainsource channels and the LaAlO 3 layers as gate dielectrics. With gate voltages well below 1 V, the devices are characterized by voltage gain and current gain. The devices were operated at temperatures up to 100
Silicon field-effect transistors (FETs) are the backbone of modern electronics. They are three-terminal devices with current and voltage gain and are characterized by a vanishing back-action from the output to the input, to name two of their key features. In recent years, complex oxides have become materials of interest for the drain-source (DS) channels of FETs 1 . All-oxide FETs are explored to enhance the functionality of FETs and to investigate possible roads to overcome the scaling limitations of silicon-based devices. Among possible oxide DS channels, the metallic layers generated at oxide interfaces 2,3 form a special category, as they are thin, two-dimensional, and possibly correlated electron systems with a low carrier density and typically high low-temperature mobilities (for LaAlO 3 -SrTiO 3 interfaces 10 cm 2 /Vs at 300 K and up to 50,000 cm 2 /Vs at 2 K) 4,5 . Indeed, early on, large electric field effects 6 were found in the guinea pig of oxide 2D interfaces, the n-type LaAlO 3 -SrTiO 3 interface 2 . Owing to the 1-mm-thick SrTiO 3 substrates used as gate dielectrics in those studies, turn-on voltages of V G = 60 V were needed to switch the devices. In another approach, nanometer-sized lateral field-effect devices were fabricated by using the tip of a scanning force microscope to write conducting lines into LaAlO 3 -SrTiO 3 interfaces 7 . In these studies, much smaller gate voltages, a few volts, were found to be sufficient to switch the interfaces. The large band gap (5.6 eV) and the high dielectric constant of the LaAlO 3 films ( r ∼18) 8 make it possible to use the LaAlO 3 layers directly as a gate dielectric in a planar geometry. A cross-section of a device is sketched in Fig. 1 . In these devices, due to the LaAlO 3 -SrTiO 3 polar discontinuity, the LaAlO 3 gate dielectric induces a phase transition in the DS-channel, turning it from an insulator into a metal. The YBa 2 Cu 3 O 7 used as gate contact reduces the channel's carrier density by adding an effective built-in voltage to the gate. The applied gate voltage V G is used as is usually done to change the channel conductivity by changing the channel's carrier density, allowing the depletion of the channel into the insulating phase. Following this idea we have fabricated field-effect devices that operate at 300 K with V G < 1 V and show both voltage and current gain.
The samples were fabricated via reflective high-energy electron diffraction controlled pulsed laser deposition to grow 9-unit-cell-thick LaAlO 3 layers on Ti-terminated SrTiO 3
substrates (at 780
• C and 9 × 10 −5 mbar of O 2 ) using a single crystalline LaAlO 3 target. at all other temperatures, measurements were performed in the He atmosphere of a cryostat.
For all measurements presented here, the gate leakage current I G < 150 nA was small on the scale of the drain-source currents I DS .
Figs. 2 and 3 show the I DS (V GS ) dependencies of two devices. The DS channels are self-conducting at all temperatures investigated (Fig. 3) . As expected for n-type channels, 
